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Dayley, Leland J . ,  M.A., F a ll,  1975 Psychology
Protein Preference in Protein Malnourished Rhesus Monkeys: Avid ity
or Conditioning? (64 pp.)
D irector: Laurence H. Berger
Some recent studies have been in c o n flic t as to whether protein mal- , 
nourished rhesus monkeys are able to select a high-protein (HP) food 
from among a group of low-protein (IP ) and HP foods.
The specific hunger lite ra tu re  revealed that with a variety o f an i­
mals and nu trien ts , there were two theories to account fo r the phen­
omenon. The f i r s t ,  referred to as a v id ity , is that the animal deprived 
of a needed nutrient has an innate preference fo r the taste or smell of 
the needed nutrien t.
The second theory c la ss ifies  the deprivation d ie t as aversive, the 
pre-m alnutrition d ie t as safe, and any new food as novel. The animal 
prefers safe food to the other two and prefers the novel food to the 
aversive. I f  the safe food were ava ilab le , i t  would be eaten, i f  not, 
a novel food would be selected. I f  the novel food contains the needed 
n utrien t, i t  comes to be responded to as a safe food through conditioning.
The experiment was designed to determine i f  e ith er o f these two theories 
can account fo r the protein preference found in monkeys. Eight monkeys 
on IP d ie t and eight on HP d ie t were tested in a Wisconsin General Test 
Apparatus fo r preferences among four d ie ts . There were two HP diets and 
two LP d ie ts ; one was fa m ilia r , and one was novel in each pair. I t  was 
predicted that i f  the protein preference were based on a v id ity , the two 
HP diets would be preferred by the LP monkeys. I f  the conditioning 
theory could account fo r the resu lts , the LP monkeys would prefer the 
safe food most, the two novel foods interm ediately, and the aversive 
food least.
The prediction o f greatest preference fo r the safe food was confirmed 
in support of the conditioning theory. The preference fo r the novel HP 
food over the LP foods was confirmed in support o f the av id ity  theory.
Both theories were given some support by the experiment.
Several a lte rn a tive  explanations are discussed, and the results of 
two p ilo t  studies are presented which point to some promising directions  
fo r fu rther research.
n
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CHAPTER I 
INTRODUCTION
Hillman and Riopelle (1971) reported that protein malnourished 
rhesus monkeys did not ingest more of a high-protein food when offered  
several foods d iffe r in g  in protein content. They concluded th at the 
experiment provided no evidence fo r a specific  hunger fo r  protein among 
protein malnourished rhesus monkeys. The follow ing year, Peregoy, 
Zifrenermann, and Strobel (1972) reported th at protein deprived rhesus 
monkeys were able to se lect high-protein food from among three foods 
d iffe r in g  in protein content. In a follow-up to Peregoy e t a l .  (1972), 
Pettus, G eist, Schultz, and Zimmermann (1974) also found the protein  
preference among the malnourished monkeys, but not in the same monkeys 
a fte r  recovery from m alnutrition . These three studies are the only 
ones in the lite ra tu re  involving sp ecific  hunger fo r protein in monkeys.
Related Studies
There are several studies involving specific  hunger fo r protein  
in rats (with the same inconsistent re s u lts ). In the older l ite ra tu re  
about as many studies reported negative results (Kon, 1931; Pilgrim  
and Patton, 1947; Scott, 1946; and Scott and Quint, 1946b) as reported 
positive results (G r if f ith s  and Senter, 1954; M itchell and Mendel, 1921; 
Osborn and Mendel, 1918; and Young, 1944). More recent methods are 
s t i l l  producing inconsistent re su lts . For studies that seem to show
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
adequate s e lf-s e le c tio n  see Rozin (1968a) and Zahler and Harper (1972), 
and fo r  those that do not, see C o llie r , Squibb, and Jackson (1965) and 
Muto and Mizuno (1973). Since the experimental resu lts  with both rats  
and monkeys are inconsistent, i t  may be f r u i t fu l  to examine the pro­
cedural differences among the studies.
The procedure used by Hillman and Riopelle (1971) may have been 
too insensitive to detect a protein preference in the monkeys. The 
animals did not se lect from among simultaneously present d ie t samples. 
Eight p e lle ts  o f a single food type were presented to each subject 
and ingestion was recorded. The next day a food with a d iffe re n t pro­
te in  content was presented and so on. The amount that the animal eats 
of a food when that food is  the only one present may not be an ade­
quate measure of d if fe re n t ia l preference. Also, the group th at was 
most deprived simply ate a l l  availab le  p e lle ts  regardless of the pro­
te in  content, except when i ts  own home-cage d ie t was presented, making 
an assertion about d if fe re n t ia l preference even more speculative.
The procedures used by Peregoy e t a l .  (1972) and Pettus e t a l .  
(1974), on the other hand, may have revealed or even produced a p re f­
erence in the monkeys fo r something other than an increase in d ie tary  
protein . They recorded selection and not necessarily ingestion of the 
d ie t samples. Thus, the actual proportion of high-protein food in ­
gested was less than ce rta in . They also presented novel, non-food ob­
jects  simultaneously w ith the d ie t p e lle ts . Since i t  has been shown 
that protein malnourished monkeys ex h ib it a d if fe re n t ia l ly  large fear  
response to novel objects (Zimmermann, S trobel, and Maguire, 1970) 
some in te raction  involving these objects may have produced the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
d if fe re n t ia l responses in the two groups of monkeys. For example, the 
high-protein animals may also have a preference fo r high-protein food, 
but being less fe a rfu l o f, and perhaps more p layfu l w ith , the non-food 
objects they may have attended less to the food d ifferences.
The F irs t P ilo t  Study
A p ilo t  study was conducted in an attempt to elim inate these 
d if f ic u lt ie s .  Rhesus monkeys (to  be described la te r )  were tested fo r  
preferences between high-protein and low-protein d iets in a standard 
Wisconsin General Test Apparatus (WGTA). One p e lle t  o f each type (25%
and 3.5% protein) was presented per t r ia l  fo r  30 t r ia ls  per day. Each
animal was given 300 t r ia ls .  Ingestion of the half-gram p e lle ts  was 
recorded and the proportion o f high protein ingested was the dependent 
measure fo r preference. A comparison o f the high-protein and low-pro­
te in  monkeys revealed that the la t te r  were ingesting a s ig n ific a n tly  
higher proportion o f high-protein d ie t by the end o f the second d a ily
session (F = 11.53, p < .0 1 ). This study elim inated the problems that
arose from presenting successive rather than simultaneous selections, 
recording selection ra ther than ingestion, and presenting non-food ob­
jec ts  among the food selections. I t  was also designed to control fo r  
a possible fourth problem. The high-protein food th at the low-protein  
monkeys were found to prefer by both Peregoy e t a l .  (1972) and Pettus 
et a l .  (1974) was the same high-protein home-cage food they were given 
p rio r to protein deprivation . The tes t d iets used in the present p ilo t  
study consisted o f only p u rified  p ro te in , f a t ,  and carbohydrate mixed 
with n on -nu tritive  f i l l e r  and coloring. Thus, the d ie t pe lle ts  lacked 
some s a lie n t taste  cues th at would have been contributed by the sugar.
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s a lts , vitam ins, e tc , ,  that were present in the home-cage d ie ts .
Rather than have as selections the present home-cage d ie t and the 
former (p re-m alnu trition ) home-cage d ie ts , the low-protein monkeys 
were forced to se lect between two new d ie ts  so that the selection  
of high protein required more than the mere re ca ll o f a former d ie t .
I t  should be pointed out th at any tactual cues obtained from the 
granular texture of casein would s t i l l  have been present.
The results are summarized in Table I in  the Appendix. The 
data are the proportion of h igh-protein ingested by each monkey.
The monkeys were tested fo r 30 t r ia ls  per day fo r two days and then 
the colors of the d iets were reversed fo r an additional eight days 
of testing  (30 t r ia ls  per day). Both the pre-reversal and post-re­
versal data are summarized in the tab le .
The results o f the p ilo t  study provide strong evidence that 
the protein preference is  a real phenomenon. Unfortunately, none of 
the studies discussed thus fa r  throw any l ig h t  on the etio logy o f the 
preference. There have been two main theories presented to account 
fo r specific  hungers in general. These theories and th e ir  supporting 
evidence w ill  be examined b r ie f ly  before any hypothesis is presented 
to account fo r the above resu lts .
General Theories o f Specific  Hungers
F ir s t ,  two things must be borne in mind. Most o f the work, and 
almost a l l  of the d e f in it iv e  experimental work, in the area has been 
done on the ra t . Next, these theories have been developed to account 
fo r the preferences fo r nutrients other than whole pro tein , and these
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
resu lts (un like those fo r whole protein) have been quite consistent 
fo r any given n u trie n t.
A v id ity . The f i r s t  general theory o f specific  hungers has been 
called a v id ity  (Smith, Pool, and Steinberg, 1958). The a v id ity  theory 
argues th at the animal in a s ta te  o f deprivation has an innate p re fe r­
ence fo r the taste  or smell o f the needed substance. When the substance 
is present in food i t  is  detected and the resu lting  preference serves 
to re lie v e  the deprivation.
The evidence is  very strong that some type o f a v id ity  phenome­
non is  in operation in the selection of sodium chloride (NaCl) by rats  
deprived o f i t  (Rodgers, 1967). There is also evidence that sugar is  
av id ly  preferred by ra ts  deprived of ca lo ries . Smith and Duffy (1957) 
found that food-deprived rats drank more o f e ith e r a sugar solution
(20%) or a non -nu tritive  saccharin solution (.1%) in a 24-hour tes t
than satia ted  rats  even though none o f the rats  had had p rio r contact 
with e ith e r substance. Rozin and Kalat (1971) provided an in teresting  
review o f the lite ra tu re  that seemed to ind icate that chicks and other 
birds innately recognize the taste  (and not the s ight) o f water, and
avid ly  ingest i t  on f i r s t  contact. NaCl is the most thoroughly studied
of the substances which seem to be av id ly  preferred. Handal (1965) 
found a s ig n ific a n t d ifference in the ingestion of NaCl and non-sodium 
salts by NaCl depleted rats w ith in  f iv e  seconds of exposure to the 
s a lt  solutions. Rats have been shown to be able to accurately regulate  
th e ir  NaCl intake under many conditions of depletion and deprivation  
(Denton, 1967).
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I f  NaCl regulation in the ra t is  to be the model fo r a v id ity , 
i t  should be noted that the mechanism is complex and not perfectly  
adaptive.
The non-deprived ra t  prefers a weak sodium solution to water, 
and i f  i t  is  ava ilab le  a t a highly preferred concentration (.8% ), 
the ra t w il l  ingest i t  in such quantities th at i t  retards growth and 
produces enlargement o f the heart and kidneys (Nelson, 1947). The 
avid preference fo r NaCl can be in te rfered  with using a technique 
described by Cullen (1970b). The to x in , lith ium  chloride (L iC l) and 
NaCl cannot be eas ily  discrim inated by tas te . The intense aversion 
that develops to the taste o f LiCl a fte r  poisoning in te rferes  with  
the compensatory NaCl ingestion following adrenalectomy. This same 
compensatory ingestion can be in te rfered  w ith , without poisoning, i f  
the rats are f i r s t  made polydipsic to a saccharin-glucose solution  
p rio r to adrenalectomy and i f  the saccharin-glucose solution is  o f­
fered along with the saline during preference tests (C ullen, 1970a).
The a v id ity  concept is  fu rth e r lim ited  by the apparent fac t 
that the taste o f s a lt  is neither s u ff ic ie n t nor necessary fo r its  
ingestion. I f  rats ingest a saline solution which does not reach 
th e ir  gut, they ingest much less than in ta c t controls (Smith e t a l . ,  
1958). Thus, the taste  alone is  not s u ffic ie n t to adequately main­
ta in  ingestion. Thomson and Porter (1953) found that rats can learn  
an instrumental response which provides them with a saline so lution , 
i f  a t f i r s t  they are forced to make the correct choice, even though 
the concentration is below taste threshold as determined by immediate 
selection in a preference te s t. The taste  o f the s a lt was not necessary
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
fo r i ts  ingestion.
The non-adaptive responses and lim ita tio n s  o f the NaCl a v id ity  
described above were a l l  produced in rather unusual or extreme condi­
tions, and s im ila r "unnatural" adaption fa ilu re s  would probably not 
account fo r the large number o f fa ilu re s  to se lect protein by rats i f  
they have an innate preference fo r i t .  The ap p etitive  interference  
reported by Cullen (1970a) could possibly have relevance to one or two 
of the protein studies which reported negative re s u lts , but in general, 
a v id ity  seems to be a poor explanation of the s e lf-s e le c tio n  of protein  
by ra ts . With rhesus monkeys the data are not complete enough to make 
a judgment.
Conditioning. The second general type o f theory to account fo r  
specific  hungers states th at the sp ec ific  taste  or smell of an ingested 
substance can become associated with la te r  in ternal consequences through 
a process o f conditioning. Since the resu lting  preferences are not 
necessarily keyed to the n u trien t in question, but may instead be keyed 
to some s a lie n t o lfac to ry  or gustatory cue present during conditioning, 
the term specific  hunger does not apply in a l i t e r a l  sense (Rodgers, 
1967). The term is in general use, however, and the theory to be de­
scribed here w ill  be referred  to as a conditioning theory of sp ec ific  
hungers.
Specific  hungers fo r  many nutrients have been found w ith rats  
as subjects in which the process seems to be one o f conditioning rather 
than a v id ity . Positive results  fo r the B vitam ins, pyridoxine (Rodgers, 
1967; Scott and Quint, 1946a) and r ib o fla v in  (Scott and Quint, 1946a) 
have been found, and the f i r s t  convincing evidence fo r a conditioning
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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theory o f sp ec ific  hunger came from work with thiamine by H arris ,
Clay, Hargraves, and Ward (1933). Rodgers (1967) also found positive  
resu lts with calcium. Conditioned preferences have led to adaptive 
intake regulation o f amino acids in experiments in which one essential 
amino acid is  missing (Simson and Booth, 1973), and in which the es­
sentia l amino acids are in unbalanced proportions (Rogers and Harper, 
1970). A ll of the above results can be accounted fo r by a condition­
ing theory rather than a v id ity  (Rozin and K alat, 1971). I t  can be 
applied to e ith e r the conditioning of specific  hungers or to taste  
aversion due to poisoning. According to the theory, an animal on a 
deprivation d ie t develops an aversion to the taste of the d ie t much 
as a poisoned ra t develops an aversion to poisoned food (Rozin, 1967). 
The association between the taste  o f the food and the deprivation con­
d ition  is made through an innate tendency fo r the two to be connected, 
as is believed to be the case with poisoning (Garcia and Koelling, 
1966). Also, the bridging o f the time delay between the ingestion  
of the food and la te r  consequences is assumed to take place as i t  
does in poisoning. An innate capacity fo r long-delay conditioning is 
believed to operate in the feeding system (Garcia, Ervin, and Koel­
lin g , 1966). Also, i t  should be mentioned that taste aversion con­
d ition ing  appears to be a very general phenomenon, having been demon­
strated in animals as diverse as the quail (Wilcoxon, Dragoin, and 
K rai, 1971) and the coyote (Gustavson, Garcia, Hankins, and Rusiniak, 
1974).
Along with the aversion to the ingested food, a neophobia de­
velops, making the ra t less l ik e ly  to try  another new food. This is
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the process by which a poisoned ra t  becomes bait-shy (Rozin, 1967).
This reaction is  especia lly  noticeable in poisoned w ild ra ts , but i t  
can also be observed in laboratory rats deprived of thiamine (Rozin, 
1968b). Though both the aversion to the fam ilia r-avers ive  food and 
the neophobia to any novel food would tend to reduce the intake of 
these foods, the aversion to the fam ilia r-avers ive  food is  much stronger. 
This re la tiv e  d ifference produces the d ie tary  neophilia often observed 
in th is  type of experiment because the preference tests are usually  
run between a novel and a fam ilia r-avers ive  food. Also, the anorexia 
reported in these studies is the re s u lt o f the aversion to the fa m ilia r -  
aversive food when i t  is the only one availab le  (Rozin and K alat, 1971). 
In th is context, any food regu larly  eaten p rio r to the presentation of 
the poisoned or deprivation food is referred  to as the fa m ilia r-s a fe  
food (Rozin, 1968b).
When the only availab le  food is e ith e r novel or fa m ilia r-a v e r­
s ive, the ra t w ill  select the novel food. I f  several novel foods are 
av a ilab le , the ra t  w il l  take a "systematic sampling" of the foods by 
usually taking only a small amount of one at any p a rtic u la r meal (Rozin, 
1969). I f  the new food proves safe (contains the missing n u trien t or 
does not contain the poison) the ra t loses its  neophobia and tends to  
prefer th is  food to e ith e r the fam ilia r-avers ive  or any novel foods 
that may be present. The same general princip les o f long-delay con­
d ition ing  that apply to the conditioning of taste aversions apply to 
the conditioned preference. The term "conditioned preference" is  in ­
tended to imply only that a novel food has become a fa m ilia r-s a fe  
food, and i t  does not imply th at i t  would be preferred to any other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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fa m ilia r-s a fe  food through some process o f ap p etitiv e  conditioning  
(Rozin and Kalat, 1971). The specific  hungers fo r  a l l  o f the nutrients  
described above, except NaCl and whole p ro te in , seem to f i t  th is  pat­
tern (Rozin and K alat, 1971).
Several nutrients have been found not to  f i t  e ith e r the a v id ity  
or the conditioning models. No preference has been found fo r vitamin  
A in deprived rats (Harris e t a l . ,  1933). Vitamin A deprived rats  
have developed a preference fo r  carotene, a precursor o f vitamin A, 
but the preference did not develop u n til the f if te e n th  day o f exposure 
to the d ie t containing the precursor (Harriman, 1955). Rats on rach i­
t ic  d iets have been unable e ith e r to select the needed vitamin D 
(Harris e t a l . ,  1933; Young and Wittenborn, 1940) or to  balance th e ir  
intake of calcium and phosphorus through s e lf-s e le c tio n  without the 
aid o f vitamin D (W ilder, 1937).
Potassium depleted rats are able to se lec tiv e ly  ingest potassium 
in the form of KCl so lu tion , but the process seems to be mid-way be­
tween a v id ity  and conditioning. I t  resembles the conditioning model 
in that rats prefer a novel food to the potassium-free (fa m ilia r -a v e r­
sive) food even when the novel food is  devoid of potassium and the 
"potassium-free" food has been supplemented with potassium during the 
preference tests (Adam, 1973). I t  resembles a v id ity  in that the rats  
prefer a KCl solution to water without p rio r experience with KCl (M il­
ner and Zucker, 1965). They also prefer a v a rie ty  o f other s a lt  solu­
tions to water (Adam and Dawborn, 1972). Tests run to determine which 
s a lt  solution is most preferred have found that NaCl is  preferred to  
KCl (Blake and J u rf, 1968; Zucker, 1965). The a v id ity  is not sp ec ific
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11
to the missing n u tr ie n t, or the lack o f potassium triggers  the a v id ity  
fo r  sodium.
Magnesium deprived rats seem to f i t  the conditioning pattern  
u n til the preference is  established and recovery from deprivation be­
gins, and then, a strong aversion suddenly develops to the food con­
tain ing  magnesium (Rodgers, 1967).
F in a lly , where does protein f i t  into  a l l  of this? As was stated  
e a r l ie r ,  a v id ity  does not seem to o ffe r  much in  the way o f explanation 
because of the large number o f negative re su lts . A d e fin it iv e  tes t of 
the application of Rozin and K alat's  (1971) conditioning theory to pro­
te in  preference in rats has never been published. The anorexia pro­
duced by the aversion to the fam ilia r-avers ive  d ie t in the conditioning  
model does seem to have a p a ra lle l in protein deprivation. Protein de­
prived rats do eat less than contro ls , but th is  fa c t taken in iso la tion  
may have other in terp re ta tions in the case o f protein (Meyer, 1958, 1959)
The s ituation  with monkeys is even less c le a r. The negative data 
(Hillman and R iopelle , 1971) is  not a strong argument against av id ity  
because intake on successive days may not be a sensitive enough measure. 
There was a tendency fo r the monkeys to se lect less of th e ir  own home- 
cage d ie t than the other d ie ts  (Hillman and R iopelle , 1971). The con­
d ition ing  model predicts th is  as anorexia in  response to the fa m ilia r -  
aversive food. Unfortunately, th is  is  not necessarily a point o f de­
parture between the two theories i f  NaCl is  to serve as the model fo r  
a v id ity . Rats deprived o f NaCl do develop a d e fin it iv e  anorexia (Smith 
et a l . ,  1958), and they p refer a non-salty novel d ie t to the deprivation  
d ie t (Rodgers, 1967). Monkeys with an a v id ity  to protein may also have
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an aversion to  the deprivation d ie t.
I t  is  only in the case o f NaCl, however, that the novel selection  
containing the missing n u trien t is immediately and re lia b ly  preferred  
to the novel selection which does not contain i t  (Rodgers, 1967), and 
i t  is  on th is point that the evidence fo r a v id ity  must re s t. Evidence 
against a v id ity  is not necessarily to be taken as evidence fo r  the 
Rozin-Kalat conditioning theory which must stand on its  a b i l i ty  to  
predict responses toward foods which can be c la s s ifie d  as fa m ilia r -  
safe, fa m ilia r-a v e rs iv e , or novel independently of th e ir  protein content.
As mentioned e a r l ie r ,  these theories are based on research with  
rats  deprived of nutrients other than whole p ro te in , and there is  no 
a p r io r i reason to believe th at the same theories can account fo r the 
protein preference in rhesus monkeys. Since i t  is  evident, however, 
that the monkeys do have the preference, and since in the whole f ie ld  
of sp ec ific  hungers in animals there are only two theories th at are 
f a i r ly  well developed, i t  makes sense to s ta r t  the investigation on 
monkeys by testing  the a p p lic a b ility  of these theories.
I t  was hypothesized th at protein deprived rhesus monkeys se lec t­
ing from among d iets which can be cross-c lass ified  as (1) high-protein  
or low-protein and (2 ) novel, fa m ilia r-a v e rs iv e , or fa m ilia r -s a fe ,  
would make predictable selections i f  e ith e r o f the two theories was 
applicable to th e ir  behavior. S p e c ific a lly , i f  th e ir  selection of 
protein was avid, they should prefer high-protein to low-protein re ­
gardless o f the type o f whole protein and regardless o f the type of 
food th at contains the protein as an ingredient. I f  the preference 
fo r  protein is  based on the conditioning model, the selection of
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fa m ilia r  foods should be predictable from knowledge o f th e ir  protein  
content. The selection o f novel foods should be independent o f th e ir  
protein content, and th e ir  ra te  o f selection should be intermediate 
between the fam ilia r-av ers ive  and the fa m ilia r-s a fe  foods.
I t  was hypothesized th at the high-protein monkeys would select 
about equally from among the d ie t selections.
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CHAPTER I I  
METHOD
Subjects
The subjects were the same 16 laboratory-born rhesus monkeys 
(Macaca m ulatta) th a t served as subjects in the p ilo t  study. They 
were raised under conditions which varied with respect to the a v a il­
a b i l i ty  o f both social in teraction  and d ie ta ry  protein as part o f an 
ongoing research e f fo r t  investigating  the effects  o f p ro te in -ca lo rie  
m alnutrition  and social iso la tio n  on behavior.
The monkeys were separated from th e ir  mothers and weaned to a 
green, h igh-protein (25% casein ), so lid  d ie t. The high-protein mon­
keys remained on that d ie t up to the time o f the present experiment.
At 120 days of age, the low-protein groups were placed on a red, 3.5% 
protein d ie t on which they remained. The animals were fu rther divided  
according to social condition. H a lf o f each d ie t group was designated 
s o c ia lly  iso la ted , and the other h a lf o f each group was designated 
so c ia lly  enriched. The enriched monkeys were placed in  liv in g  cages 
in groups o f four animals each. Each iso lated monkey was placed into  
a separate cage w ith in  sight and sound o f other monkeys but without 
physical contact. During th at phase they were placed in a specia lly  
designed social room fo r one hour per month in groups of six or seven. 
From 8 to 11 months p rio r to the present experiment, the iso lates were 
observed in groups o f four animals each fo r three hours per week in
14
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the social room. This double assignment o f treatment conditions 
created the follow ing four d is t in c t groups o f four animals each: 
hi g h -p ro te in /soc ia l-en ri ched ( HP-ENR), hi gh-protei n/soci a l- is o l ate 
(HP-ISO), low -protein /socia l-enriched (LP-ENR), and low -protein/ 
s o c ia l-is o la te  (LP-ISO). Table 1 l is ts  the individual animals and 
states the dates tested , age a t time of te s tin g , and sex of animal.
The HP-ENR group consisted o f two animals of each sex with
an average age o f 40 months a t the time of preference testing . The 
other three groups each consisted of one female and three males with  
average ages as follows: HP-ISO, 34 months; LP-ENR, 29 months; and
LP-ISO, 53 months. These age differences were balanced somewhat across 
treatment conditions. Thus, the HP and LP monkeys averaged 37 months 
and 41 months, respectively .
Apparatus
A ll d ie t choices were presented to the monkeys in a standard
WGTA. For more detailed  information on the WGTA, see Meyer, T re ic h le r,
and Meyer (1965). The apparatus consisted of the following: a metal
monkey cage, a te s t tray  w ith two food w ells , an opaque p a r t it io n ,  
and a one-way vision screen. The side of the cage facing the experi­
menter was constructed of bars which permitted the monkey to reach ob­
jec ts  outside. The opaque p a rtit io n  f i t te d  ju s t outside the bars and 
could be raised and lowered by the experimenter. The test tray  was 
between the experimenter and the monkey cage, and i t  could s lide  back 
and fo rth  to permit access to the food wells to both the experimenter, 
fo r loading, and the monkey, fo r selecting a d ie t . The experimenter 
sat behind the one-way vision screen. At the s ta r t  o f a t r i a l ,  he
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Table 1 
Subject Description
Subjects Sex
Date Testing 
Started
Months o f Age 
a t Testing
Low-prote i n 
Isolates
19 f 11/25/74 54
20 m 11/25/74 53
21 m 11/25/74 53
22 m 11/25/74 52
Low-protein
Enriched
36 f 8/13/74 27
7245 m 8/13/74 30
7329 m 8/13/74 30
7333 m 8/13/74 30
High-protein
Isolates
31 f 8/13/74 36
32 m 8/13/74 34
34 m 8/13/74 33
7217 m 8/13/74 34
High-protein
Enriched
26 f 8/13/74 42
27 f 8/13/74 40
29 m 8/13/74 38
30 m 8/13/74 38
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lowered the opaque p a rt it io n  and loaded the food w ells . He then raised 
the opaque p a r t i t io n  and observed the monkey's choice through the one­
way vision screen. A fter the monkey made a selection, the experimenter 
lowered the opaque p a rt it io n  and loaded the food wells fo r the next 
t r i  a l .
Diet Selections
The composition o f the diets used is shown in Tables 2 and 3.
The purple, high-protein d ie t  (HP-diet) and the brown, low-protein d ie t  
(LP-diet) shown in Table 2 were the respective home-cage diets of the 
HP and LP monkeys except that the home-cage diets were colored green 
and red, respectively. These were the same diets used by Peregoy e t  a l . 
(1972) and Pettus et a l .  (1974) when the protein preference was f i r s t  
discovered.
The new, high-protein d ie t  (NHP-diet) and the new, low-protein  
d ie t  (NLP-diet) shown in Table 3 had the same proportion of the major 
ingredients as the HP-diet and the LP-d iet, respectively. The d i f f e r ­
ences were as follows: The two new diets had soy protein in place of
casein, a blend of starch and sucrose in place o f the dextrin and dex­
trose, and lard instead o f vegetable shortening.
Ingredients not shown in Tables 2 and 3 did not vary across 
diets . They included the following: B-vitamins in dextrose (2%),
fa t  soluble vitamins in corn o il  (1%), salts  (4%), ascorbic acid (.03%), 
non-nutritive  bulk (2%), and choline dihydrogen c i t ra te  (.3%). For more 
deta ils  o f  th is aspect o f the d ie t  construction, see Geist, Zimmermann, 
and Strobel (1972).
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Table 2
Composition of Familiar Diets
Ingredient
Percent by Weight of Diet 
High-protein Low-protein
Protein® 25.0 3.5
Carbohydrate
Dextrinized Starch^ 27.7 39.2
SugarC 29.0 39.0
Fatd 9.0 9.0
Non-nutritive Food Color (Purple) (Brown)
^Casein, National Casein Sales, Chicago, I l l i n o i s ,  60620.
^Dextrin, N utrit ional Biochemicals Corp., Cleveland, Ohio, 44128.
ccerelose (dextrose), CPC International In c .,  Englewood C l i f f s ,  
New Jersey, 07632.
dprimex (vegetable shortening), Proctor and Gamble Co., Cin­
c in n a ti,  Ohio, 45224.
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Table 3 
Composition o f Novel Diets
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Ingredient
Percent by Weight of Diet 
New High-protein New Low-prote in
Protein^ 25.0 3.5
Carbohydrate
Starchb 27.7 39.2
Sugarc 29.0 39.0
Fatd 9.0 9.0
Non-nutritive Food Color (Orange) (Chartreuse)
^Soy Protein, Richard Foods Corp., Melrose Park, I l l i n o is ,  60160.
bCorn Starch, CPC International In c .,  Englewood C l i f f s ,  New 
Jersey, 07632.
^Granulated Sugar (sucrose). Great Western Sugar Co., Denver, 
Colorado, 08202.
^Lard, Wilson and Co., Oklahoma C ity , Oklahoma, 73105.
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Procedure
The preference tests were conducted la te  in the afternoon ju s t  
prio r to the da ily  feeding. A ll of the animals had had prior experi­
ence in the WGTA with sugar-coated cereal as a re in fo rcer, and they 
had partic ipated in the p i lo t  study described e a r l ie r .
One-third gram portions of the d ie t selections were presented 
two a t a time with position and order randomly determined within the 
following constraints: (1) no d ie t  selection was presented as both
selections on a single t r i a l ,  (2) each of the possible pairs of diets  
was presented once in each block o f six t r i a l s ,  and (3) the to ta l num­
ber of times that each d ie t  selection was presented on each side was 
balanced within each block o f 12 t r ia ls  to prevent systematic bias 
due to position preferences.
There were 12 possible selection configurations of the four 
diets . Excluding mirror duplicates, the configurations were as follows: 
(1) HP-d iet/LP-d iet, (2) HP-diet/NHP-diet, (3) HP-diet/NLP-diet. (4) 
LP-diet/NHP-diet, (5) LP-diet/NLP-diet, and (6) NHP-diet/NLP-diet.
Each t r i a l  was terminated when one of the selections was picked 
up or a f te r  30 seconds i f  no selection was made. A to ta l of 252 t r ia ls  
was run on each animal. This amounted to a to ta l of 42 comparisons 
between each of the d ie t  pairs.
On each t r i a l , the experimenter recorded which d ie t was selected. 
A fter each monkey was tested, the number of each type of d ie t  l e f t  in 
the cage or on the f lo o r  was subtracted from the respective to ta ls  to 
obtain the ingestion score fo r  each d ie t .
During the f i r s t  p i lo t  study the contents of the home-cage
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drop-pans were examined fo r evidence of discarded food p e lle ts . The 
examinations took place on the mornings following each afternoon 
testing session. I t  was assumed that the monkeys could leave the 
testing s ituation  with food in the cheek pouches only to discard i t  
la te r .  Since no evidence was ever obtained that the monkeys were 
discarding food a f te r  being returned to the home-cage, the procedure 
was not used in the present study.
The colors of the diets were not rotated (as a control fo r  
color preferences) fo r  two reasons. F ir s t ,  Jarvik (1953) reported 
that rhesus monkeys can read ily  discriminate foods by color, and 
a f te r  making the discrimination they can choose the appropriate food 
using the color cue. Second, rhesus monkeys were shown to be able 
to maintain a food preference when the associated color cues were re ­
versed in the study by Peregoy e t a l .  (1972) and in the p i lo t  study 
to the present experiment.
All 16 animals were run fo r  36 t r ia ls  per day fo r 7 consecutive
days. The running order was determined by a random schedule. The HP
monkeys were maintained on two-thirds rations during the period of 
testing.
As can be seen in Table 1, the LP-ISO group was run about three
months a f te r  the other groups. This was due to unavoidable scheduling
conflic ts  with other experimental work on the same animals.
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RESULTS
The proportion o f each d ie t  ingested by each monkey is shown 
in Figures 1 and 2 fo r  the LP and HP monkeys, respectively. A ll of 
the LP monkeys had a high-protein d ie t  as th e ir  most preferred food, 
but there were individual differences as to which of the two high-pro­
te in  diets i t  was. The HP monkeys were more variable in this respect. 
They tended to prefer low-protein, but two had high-protein f i r s t  
choices, and three more had high-protein diets as second choices.
In order to examine the d if fe re n t ia l  ingestion among the groups 
of monkeys fo r each of the four d ie ts , four separate 2 X 2  fac to r ia l  
analyses were performed (Winer, 1962). These analyses were used to 
determine the re lationship  between d ie t  condition (HP and LP) and social 
condition (ISO and ENR) with respect to the proportion of each food in ­
gested. Summaries of the analyses are in the Appendix (Tables I I  to V).
The LP monkeys ingested a s ig n if ic a n tly  higher proportion of 
HP-diet than did the HP monkeys (F = 15.325, p = .00234). The HP mon­
keys ingested a higher proportion of LP-diet than the LP monkeys (F = 
33.780, p = .0002). None of the factors were s ig n if ican t in the analy­
sis of the NHP-diet. I t  can be seen in Figures 1 and 2 that the selec­
tion o f th is  d ie t  was quite variable  in both the LP and HP groups. The 
HP monkeys ingested a s ig n if ic a n t ly  higher proportion of the NLP-diet 
(F = 86.004, p = .00001). The social factor was not s ig n if ica n t, but
22
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Figure 1. The proportion of  each d ie t  ingested by
each low-protein monkey.
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Figure 2. The proportion o f  each d ie t  ingested by
each high-prote in  monkey.
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within the LP groups the isolates selected less, whereas, w ithin the 
HP groups the isolates selected more of the NLP-diet producing a sig­
n if ic a n t  d ie t condition X social condition interaction (F = 9.765, p = 
.00864).
Since the selection pattern w ithin the LP group was of primary 
importance to the theoretical analysis, the d i f fe re n t ia l  ingestion 
among the four d iets was analyzed separately fo r the LP and HP monkeys 
so that the selection pattern among the means fo r each d ie t  could be 
evaluated with a suitable m ultip le comparisons technique. Once again 
the dependent measure was the proportion of each d ie t  ingested by each 
animal. The s ta t is t ic a l  procedures used were two separate s ing le -factor  
repeated measures, analyses of variance (Winer, 1962). The analyses are 
summarized in Tables VI and V II  in the Appendix. In these analyses, the 
row data-sum (across the d ie ts ) fo r  each animal was always equal to one 
due to the fa c t th at the data were proportions. This resulted in a be- 
tween-subjects sum of squares equal to zero since there was no devia­
tion around the row means. An additional e ffe c t  was the loss of part 
of one o f the seven, between-subjects degrees of freedom, but these 
facts did not a ffe c t  the w ithin-subjects variance (Walsh, 1975). The be­
tween-subjects variance was analyzed in the four 2 X 2  analyses on the 
d ie ts . An additional discussion of the s ituation where effects are can­
celled due to the use o f proportions as data can be found in Scheffe 
(1959).
The analysis o f the HP animals did not reveal a d if fe re n t ia l  
preference among the d iets (F = 1.635, p = .21068), and no further  
analysis was conducted.
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The d if fe re n t ia l  ingestion among the diets by the LP animals 
was highly s ig n if ic a n t (F = 13.189, p = .0002). The selection pref­
erences fo r  the LP monkeys were in order from greatest to least pre­
ferred: HP-diet, NHP-diet, LP -d iet, and NLP-diet. The configuration
can be seen in Figure 3 as compared to theoretical configurations to 
be discussed la te r .  The significance of the difference among the means 
was analyzed using the Newman-Keuls technique fo r a l l  pair-wise compar­
isons (Winer, 1962). The results of th is  analysis are in Table 4.
The preference fo r HP-diet was s ig n if ic a n t ly  greater than a l l  of the 
other diets (p < .01 ). The preference fo r NHP-diet was greater than 
the preference fo r LP-diet and NLP-diet (p < .05 ). The difference in 
preference between LP-diet and NLP-diet was not s ign if ican t.
Some of the comparisons in Table 4 are c r i t ic a l  fo r making com­
parisons between the two theories. The th ird  comparison is a tes t for  
neophobia. Neophobia is defined as the preference fo r fam ilia r-sa fe  
food over novel food. The fam ilia r -sa fe  food (HP-diet) was preferred  
to a novel food (NHP-diet), and the difference was s ig n if ican t (p < 
.01 ). The comparison was protected from confounding with protein con­
tent since both diets had the same proportion of protein.
The fourth comparison makes the most unambiguous test of the 
prediction made from a v id ity  theory. These two diets (NHP-diet and 
NLP-diet) d i f f e r  in protein content but are both novel. The av id ity  
theory predicts a preference fo r NHP-diet and the conditioning theory 
predicts no preference. The difference was s ig n if ica n t in the d irec­
tion predicted by a v id ity .
Comparison number six serves as a tes t fo r neophilia. The
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Figure 3. D ie t  preferences of  LP monkeys: Theoretical
and actual based on the proportion ingested.
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Table 4 
Summary of Newman-Keuls
Comparison Probability
1. High protein > New Low-protein p < .01
2. High protein > Low-protein p < .01
3. High-protein > New High-protein p < .01
4. New High-protein > New Low-protein p < .05
5. New High-protein > Low-protein p < .05
6. Low-protein > New Low-protein N/S
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conditioning theory predicts a neophilia defined as the preference for  
a novel food (NLP-diet) over the fam iliar-avers ive  food (LP -d ie t).
These two diets do not d i f f e r  in amount of prote in , and the av id ity  
theory does not predict a d ifference. The difference was in the oppo­
s ite  d irection  as that predicted by conditioning, but i t  was not sig­
n if ic a n t .
Figure 4 shows the day-to-day changes in the preference con­
figurations o f the LP monkeys. The monkeys had a low preference for  
the two low-protein diets throughout the testing sequence. The HP- 
d ie t  was the most highly preferred d ie t  throughout the sequence. 
Preference fo r  NHP-diet was a t an intermediate le v e l ,  but i t  increased 
across t r ia ls  prim arily  a t  the expense of HP-diet.
An examination of the individual LP monkeys* day-by-day scores 
revealed that a l l  of them had a high preference fo r HP-diet. I t  was 
the most preferred d ie t  o f f iv e  o f the eight monkeys. Of these f iv e ,  
only three had NHP-diet as a second most preferred. In contrast, the 
three monkeys that selected NHP-diet as the most preferred, a l l  selected 
HP-diet as second. In other words, HP-diet was always a highly preferred 
d ie t ,  but the animals varied greatly  with respect to the NHP-diet.
Because of the c ru c ia l ,  theoretical importance of the way the 
preference ( i f  any) developed to the two novel foods, the day-by-day 
selection of these diets by the LP monkeys was examined, and several 
in teresting  facts were revealed. One animal (number 22) seemed to have 
the preference at fu l l  strength from the f i r s t  day. Three more (numbers 
36, 7245, and 7329) appeared to have i t  by the second day. Two more 
(numbers 19 and 7333) seemed to begin a trend on the fourth day that
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Figure 4. The proportion o f  each d ie t  ingested by
LP monkeys on each session.
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led to the preference fo r  NHP-diet. And f in a l l y ,  two monkeys (20 and 
21) did not develop the preference at a l l .
Casual observation reveals that in every case where the p refer­
ence did develop, the animal had ingested at least three pelle ts  of 
NHP-diet the day before. This cannot be a s u ff ic ie n t  condition fo r  
the preference to develop because animals number 20 and 21 each had at 
least one day of sampling three or more p e lle ts ,  and they did not de­
velop a preference. Also, i t  cannot be necessary because monkey number 
22 had the preference the f i r s t  day.
The same data were examined fo r evidence of systematic sampling.
This does not imply intention on the part o f the monkeys, only th a t,  
fo r whatever reason, one of the two novel d iets be sampled on a day 
when the other is not (Rozin, 1969). This occurred f iv e  times in which 
NLP-diet was sampled to the exclusion of NHP-diet. Animal number 19 
sampled NLP-diet on the second day and then NHP-diet on the fourth and 
f i f t h  days. The fourth day seems to have been the beginning of a trend 
which led to establishment of a preference fo r NHP-diet. Animal number 
7333 sampled NLP-diet in th is  way the f i r s t  three days, then on the 
fourth day sampled NHP-diet, and th is  seems to have again been followed 
by development of the preference.
Animal number 21 sampled NLP-diet on the f i r s t  day, but never 
did systematically sample NHP-diet and never developed the preference. 
Number 20, the only other LP monkey that did not develop the preference, 
systematically sampled NHP-diet on day six (a single p e lle t )  and again 
on day seven (two p e l le ts ) .  This could have been the s ta r t  of a trend.
A ll other examples of systematic sampling occurred with animals
with well established preferences fo r  NHP-diet in which the proportion
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of NLP-diet f e l l  to zero.
Inspection of the individual preference configurations of the 
LP monkeys in Figure 1 revealed that the social isolates (19, 20, 21, 
and 22) and the social enriched monkeys (36, 7245, 7329, and 7333) 
seemed to have d if fe re n t  selection configurations. For example, the 
isolates had a tendency fo r a wide separation in th e ir  preferences 
for HP-diet and NHP-diet. A wide separation between these two diets  
was the c r ite r io n  fo r neophobia. A ll o f the iso la tes , and one of the 
enriched monkeys, had a separation between these two diets greater than 
.25. The difference between the two social groups in th is respect was 
marginally s ig n if ic a n t (p = .07) by the Fisher exact tes t (S iegel, 1956). 
An identica l level of significance was obtained when the animals were 
c lass ified  according to separation between NHP-diet and NLP-diet (the 
tes t fo r  a v id i ty ) .  The reason that the level of significance is not 
higher is f a i r l y  obvious. Though animals 19, 20, and 21 had very simi­
la r  patterns, animal number 22 was more l ik e  the socia lly  enriched ani­
mals. S im ila r ly ,  animal number 7333 seemed to have a pattern more l ik e  
that of the social isolates than his own group. The LP animals, there­
fo re , seemed to form themselves into two groups, the boundaries of which 
corresponded neither to the social conditions, nor to any other manipu­
la tion  of the experiment.
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DISCUSSION
I f  the diets in the present study are matched to Rozin's (1968b) 
theoretical categories, the HP-diet would be fa m ilia r -s a fe , the LP-diet 
would be fam ilia r-av ers ive , and the NHP-diet and the NLP-diet would 
both be novel. The pattern of selection does not match predictions 
made from the theory. The two novel diets should have been about equally 
preferred and they were not. The theory does not account for the pref­
erence fo r NHP-diet over NLP-diet. This preference is taken as evidence 
in favor of an a v id ity  fo r  protein. A major prediction of the theory is 
that the LP-diet (fam ilia r-avers ive ) should be least preferred. This 
would have been re flected  in the preference fo r NLP-diet over LP-diet 
(neophilia) which did not occur, but would have i f  the conditioned aver­
sion had been stronger than the neophobia as predicted.
The difference in preference between LP-diet and HP-diet can 
be taken as evidence fo r  the prediction that there would be an aversion 
to the deprivation d ie t .  The reduced food intake of protein deprived 
animals has also been taken as evidence fo r  an aversion to the depriva­
tion d ie t ,  but th is  may not have the same meaning as i t  does in many 
other forms of m alnutrition . Meyer (1958, 1959) pointed out that an 
animal on a low-protein d ie t  could increase to ta l protein intake simply 
by increasing to ta l food intake, but that they seem to have a very 
lim ited  metabolic a b i l i t y  to dispose of the excess calories. I f  the
33
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animals were able to burn up more ca lo r ies , as in exposure to cold or 
forced exercise, they ingested more of the food, and thus, benefited 
from the additional protein obtained. I t  is interesting to note that 
monkeys have the opportunity to increase availab le protein by increasing 
spontaneous a c t iv i ty ,  but measures of such a c t iv i ty  have indicated no 
s ig n if ican t d ifference between HP and LP monkeys (Geist e t a l . ,  1972).
Two more predictions of the conditioning theory were borne out.
The f i r s t  was that the HP-diet would be the most preferred food. I t  
was preferred to a l l  other d ie ts , and that resu lt was not predicted 
by the a v id ity  theory. Next, the conditioning theory predicted a neo­
phobia would be reflected  in the comparison of the fam ilia r-sa fe  d ie t  
to a novel d ie t .  The presence o f a food neophobia is not predicted 
by the a v id ity  theory, but i t  may have been anticipated on other grounds. 
Zimmermann, S trobel, and Maguire (1970) found that protein malnourished 
monkeys show more fear to novel objects than do normal controls.
The predictions made from the conditioning theory were based 
on the assumption th at the HP-diet would be fa m il ia r  to the LP monkeys. 
This was mainly due to the fac t that they were weaned to that d ie t  p rio r  
to being placed on the LP-diet. In addition, some of the monkeys had 
tasted HP-diet more recently during the b r ie f  periods of freedom that 
follow the occasional escape from cage or handler. No strong argument 
can be made that the d ie t  is  not fa m il ia r ,  and i f  one could be made, 
the re su lt  would be that the d ie t  would be novel according to the theory. 
I t  would follow that the HP-diet would not be preferred to the other 
novel d ie ts , and th is  was certa in ly  not the case.
The main prediction made by the a v id ity  theory was confirmed.
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The NHP-diet was preferred to the two low-protein d ie ts . The food 
neophobia was not predicted by the theory, but i t  was not precluded 
e ith e r .  As was pointed out e a r l ie r ,  rats deprived of NaCl develop an 
aversion to the non-salty d ie t  (Smith et a l . ,  1958) and a neophilia 
fo r  non-salty new food compared to the aversive food (Rodgers, 1967). 
These are not the same as a neophobia, but they do show that some 
characteristics o f conditioning and a v id ity  can coexist. I f  i t  can 
be accepted that an av id ity  and a food neophobia could both result  
from protein m alnutrition , the depressed preference fo r NHP-diet could 
have resulted from an interaction of the two.
Only one monkey had a preference fo r NHP-diet on the f i r s t  day, 
and a l l  of the LP monkeys except two had i t  on the seventh day. This 
increase in preference fo r NHP-diet could be interpreted as the decay 
of neophobia. Kalat and Rozin (1973) reported that the neophobia seen 
in poisoned rats is s ig n if ic a n t ly  diminished to a p articu lar food within  
a few hours a f te r  the safe ingestion of a single piece o f the food. 
Sim ilar data was not availab le  on the monkey, but Weiskrantz and Cowley 
(1963) reported that normally nourished rhesus monkeys take about two 
weeks of d a ily  experience with a novel f r u i t  ju ice before the f in a l  
rate o f ingestion is reached. This may indicate that monkeys learn  
that new foods are safe much more slowly than rats do. This would 
help explain the increase in preference observed in the present study. 
Unfortunately, the study by Weiskrantz and Cowley (1963) would seem 
to indicate that the HP monkeys in the present study would also have 
a neophobia, but th e ir  d if fe re n t ia l  selection among the diets did not 
reach significance.
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That the apparent neophobia in the LP monkeys may have been 
re lated  to the social condition is very appealing even though the 
post-hoc analysis (Fisher exact te s t)  of the data in Figure 1 was only 
marginally s ig n if ic a n t .  Mason and Green (1962) reported a strong neo­
phobia fo r  non-food objects in soc ia lly  deprived monkeys. I t  is reason­
able that the LP-ISO group could have had a stronger food neophobia than 
the LP-ENR group did. As stated e a r l ie r ,  the c lass ifica tio n  o f the mon­
keys fo r the Fisher exact tes t did not exactly correspond to the social 
rearing c la s s if ic a t io n . A dd itionally , the effects of social iso lation  
would be expected to show up in the HP monkeys, and as already mentioned 
i t  did not.
I t  was reasoned that some aspect of the animals' recent past 
may have produced the grouping seen in Figure 1. The most obvious 
p o s s ib il ity  is that the differences were produced by the original 
p i lo t  study. This grouping of monkeys was checked against various 
facts that came out of that study. For example, i t  was reasoned that 
the monkeys which had the highest preference fo r the high-casein d ie t  
may have had such a high preference for casein that the soy d ie t jus t  
was not responded to in the same say as i t  was by the other monkeys.
No such re lationship was found between the new grouping of the monkeys 
and the rate of acquiring the preference, the rate of reaquiring the 
preference a f te r  color reversal, nor any other meaningful variable.
In short, there seems to be no ready explanation for the differences  
between these two groups of monkeys.
In terms of the two theories , the choice seems to be between
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a process s im ila r  to that indicated by the conditioning theory, 
but without a neophilia , and with an avid preference fo r a novel, 
high-protein food, and a process s im ilar to a v id i ty ,  but with a 
neophobia.
I t  is important to note that th is  experiment was designed 
to tes t the a b i l i t y  o f two theories to account fo r  preferences found 
fo r HP-diet in studies done e a r l ie r  by Peregoy e t a l .  (1972) and 
Pettus e t  a l .  (1974). I t  was assumed that there was a preference 
fo r HP-diet at the beginning of testing . The c r i t ic a l  aspect was 
whether or not there was a preference for NHP-diet. The results  
indicate that there was no such preference in seven of the eight LP 
monkeys on the f i r s t  day, and that there was in six of the eight by 
about the fourth or f i f t h  day. Neither theory predicted that the 
preference would develop over the t r ia ls  of the experiment- I t  has 
been suggested that the development could be accounted fo r by the 
decay of a neophobia which was suppressing an av id ity  fo r the protein  
in the food. There are two rather obvious ways that conditioning 
could have entered into the results without f i t t in g  the Rozin (1968) 
theory. F ir s t ,  the preference could have resulted from generalization  
from prio r conditioning, and second, the preference could have been 
conditioned during the experiment.
I t  is fundamental to the notion of av id ity  that under the proper 
condition of deprivation the taste or smell of the needed substance re­
inforces i ts  ingestion. In conditioning, the taste or smell of the 
food containing the needed substance becomes associated with la te r
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consequences of i ts  ingestion. A fter the flavor is conditioned, i t  
can reinforce ingestion even though the needed substance is removed, 
but only fo r  a time, since the conditioned preference soon e x tin ­
guished (Rozin and Kalat, 1971). That description has been shown to 
apply to  conditioning in the ra t  with thiamine as a re inforcer. That 
process, a t least in i ts  detailed  form, does not seem to apply to the 
present s ituation  as the results seem to ind icate , but i f  the protein  
preference resulted from some type of conditioning, whatever the de­
ta i ls  of the process, the f lav o r of the conditioned food could have 
some of the properties of a conditioned re in forcer. I f  that were 
true, any new food could act as a generalized re inforcer according 
to i ts  s im ila r ity  to the orig inal along the relevant dimension and 
according to the shape o f the gradient. This could lead to "avid" 
ingestion of a new food.
An e f fo r t  was made to make the two new diets in the present 
study d if fe re n t  enough that generalization from the old diets would 
not read ily  occur. For example, casein, the protein in the old d ie ts ,  
has a very d is t in c t ,  granular texture. For the two new diets a pro­
tein  (soy) was selected which is o f an extremely f in e ,  powdered tex­
ture . Prior to using the diets fo r  preference te s ts , they were taste  
tested (in  a rather casual manner) by three people. I t  was the unani­
mous opinion o f the human subjects that the NHP-diet and the NLP-diet 
were discriminable but very s im ila r in ta s te , and they were very d i f ­
ferent from LP-diet and HP-diet which were very s im ilar to each other 
in taste . Thus, the diets seemed to meet the requirements fo r the
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experiment. Of course, i t  is not safe to have great confidence in the 
generalization from such a tes t to monkeys who probably have d if fe re n t  
sensory capacities and who had had years o f experience tasting at least  
one o f the d ie ts .
I t  is probably an important point to make that the carbohydrate 
portions o f the old and new diets were much more s im ilar to each other 
than the protein portions. Since both protein and carbohydrate varied 
between the high-protein and low-protein d ie ts , the carbohydrates may 
have been more important in any generalization that occurred from the 
old to the new d ie ts . This point w il l  be returned to la te r .
This generalization hypothesis does not account for a l l  of the 
present data, but i t  o ffers an a lte rn a tive  to av id ity  in that i t  
seems to account fo r everything that a v id ity  does. Animal number 22 
had a strong preference fo r  NHP-diet upon f i r s t  contact. Generaliza­
tion from the old d ie t  cannot account fo r that in any simple way be­
cause that animal preferred NHP-diet to HP-diet, and HP-diet was the 
old d ie t . Such a preference is not easily  explained by any of the 
other hypotheses e ith e r .  I t  suggests a strong idiosyncratic prefer­
ence. The three monkeys that had the preference fo r NHP-diet on the 
second day (numbers 36, 7245, and 7329) could be accounted fo r  by 
hypothesizing a decay of neophobia. Avid ity and generalization do 
not seem to be distinguishable on the basis of the present evidence.
The second way that conditioning could account for the results  
is that the preference fo r  NHP-diet was conditioned during the exper­
iment i t s e l f .  I t  should be pointed out again that the experiment was 
not designed to condition a preference. The amount of high-protein
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food ingested each day during tes ting  was a small proportion o f the 
d a ily  food consumption. Also, the fa m ilia r-s a fe  food was one of the 
selections. I t  is  not known i f  a novel food w il l  condition in a s i t ­
uation in which the fa m ilia r-s a fe  food is also present. Even i f  there  
were conditioning, i t  would be expected that any novel food would be 
conditioned, or in  th is  case, two novel foods. The preference should 
have developed to both novel d ie ts .
A possible flaw  in the above reasoning is that the components 
of the d iets  may not have been equally s a lie n t. I f  the protein por­
tion of the novel d iets  was a more s a lie n t cue fo r conditioning, the 
high-protein d ie t may have been more eas ily  conditioned (Kalat and 
Rozin, 1970).
This hypothesis also has trouble with animal number 22  (who 
had the preference on the f i r s t  day) unless some idosyncratic p refe r­
ence is  hypothesized. I t  has some p o s s ib ilit ie s  fo r accounting fo r  
the other monkeys. The monkeys that had the preference on the second 
day (36 , 7245, and 7329) can be explained in  terms of long-delay learn­
ing (Rozin and K alat, 1971). The effects  o f the f i r s t  day's ingestion  
were not f e l t  w ith in  the short period o f the d a ily  session.
On the surface i t  may appear that these three monkeys' f i r s t  
day performance could have resulted from the learning of the color 
cues to obtain the preferred d ie ts . That the preference did not show 
up the f i r s t  day because too many t r ia ls  were used up in t r ia l  and 
erro r sampling among the d ie ts . This is  unlikedly fo r two reasons. 
F irs t , they a l l  had a high ra te  of selection o f HP-diet on the f i r s t  
day. Since they apparently had the preference fo r that d ie t from the
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s ta r t ,  i ts  ra te  o f selection may ind icate the rate  o f learning the 
color cues. Second, examination o f the t r ia l  by t r ia l  selection  
revealed th at the preference was not established a t the end of the 
f i r s t  day but was a t the s ta r t  o f the second day. Animal number 36 
had a s lig h t trend toward the preference across the t r ia ls  o f the 
f i r s t  day, but the other two animals had a stronger trend in the 
opposite d ire c tio n .
This lack o f a trend toward preference on the f i r s t  day cannot 
be used to d if fe re n tia te  a v id ity  from conditioning. The preference 
would not be expected to become conditioned during the f i r s t  session, 
and i t  could be present a t fu l l  strength at the s ta rt  o f the second 
session (Rozin and K alat, 1971). On the other hand, a neophobia 
(coupled with a v id ity ) would not be expected to diminish during the 
f i r s t  session and i t  could very possibly be diminished by the s ta rt  
of the second session (Kalat and Rozin, 1973).
The notion of the most s a lie n t fla v o r becoming conditioned 
to the e ffec ts  o f increased protein does not handle the other monkeys 
in  a straightforw ard way since two did not show evidence of the p re f­
erence u n til the fourth day, and the other two did not acquire the 
preference even though they a l l  ingested some of the NHP-diet. One 
important d ifference may have been the amount ingested on the f i r s t  
day. The animals that acquired the preference on the second day in ­
gested at least four p e lle ts  o f NHP-diet on the f i r s t  day. None of 
the other monkeys (excluding number 22) ingested more than three 
p e lle ts  o f NHP-diet p rio r to acquiring the preference.
Perhaps more important than the amount ingested was the e ffe c t
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o f systematic sampling. Monkeys 19 and 7333 each sampled some of the 
NHP-diet without sampling any of the NLP-diet on the fourth day, and 
then experienced an immediate increase in the proportion of NHP-diet 
ingested. P rio r to day f iv e ,  monkeys 19 and 7333 had not ingested 
more of the NHP-diet than the two monkeys which did not acquire the 
preference (20 and 21). The main thing that d iffe re n tia te s  animals 
20 and 21 from animals 19 and 7333 seems to be systematic sampling.
As was pointed out in the resu lts  section, number 20 sampled some of 
the NHP-diet in  th is  way on the sixth  day, and th is  may have led to 
establishment o f the preference had the experiment continued. I f  
th is  analysis is co rrect, i t  could mean that i f  four or more pelle ts  
of the NHP-diet are sampled, the preference develops, but i f  less 
than th is  are sampled, the sampling must be systematic to be e ffe c tiv e .
This analysis, though possible, has a t leas t two weaknesses. 
F ir s t ,  systematic sampling was not needed by some of the animals. 
Second, the amounts involved in systematic sampling were extremely 
small. Animals 19 and 7333 took two and three p e lle ts  of the NHP- 
d ie t on the fourth day. In add ition , each ingested 18 p e lle ts  of 
the HP-diet on th a t day. Considering th at the pe lle ts  weighed one- 
th ird  o f a gram each, the animals increased th e ir  intake o f high- 
protein food from 6 to 7 grams fo r animal number 7333 and from 6 to 
6.67 grams fo r animal number 19.
I t  may be th at a strong neophobia is part of the response to 
protein m a ln u tritio n , and any d is tin c tio n  th a t can be made between 
conditioning and a v id ity  w ith the present design would be hopelessly 
confounded with the neophobia. Because of these problems with the
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present study two more p ilo t  studies were run to help delineate areas 
fo r fu tu re  research th at may prove f r u i t f u l .  The f i r s t  of these was 
designed to determine i f  a rb itra ry  flavors can become associated with  
altered  protein in take.
The Second P ilo t  Study
Two animals were selected which had partic ipated  in neither 
the main study nor the o rig in a l p ilo t .  An a rb itra ry  flavo r (cinnamon) 
was put in to  the home-cage food o f the two animals at the concentration 
of two parts per thousand by weight. They were on these diets for 
about a year p rio r to  the experiment.
The experimental manipulation consisted o f switching the an i­
mals' d ie ts . The HP animal was placed on low-protein food, and the 
LP animal was placed on high-protein food. The HP animal (number 7220) 
placed on the LP d ie t w il l  now be referred  to as the new low-protein  
(NLP) monkey, and the LP monkey (number 23) placed on high-protein  
w ill  be referred  to as the new high-protein (NHP) monkey. At the time 
o f the d ie t switch, mint ex tract (two parts per thousand by weight) 
was put in to  the new d ie ts . Thus, the NHP monkey recovered from mal­
n u tr itio n  on a m int-flavored d ie t as the NLP monkey became malnourished 
on a m int-flavored d ie t .  For the NHP animal, mint would become a part 
of the fa m ilia r-s a fe  d ie t ,  and i t  would become a part of the fa m ilia r -  
aversive d ie t  fo r  the NLP animal.
The actual d ie t switch was done gradually to prevent adverse 
metabolic reactions. The NLP monkey had HP-cinnamon fo r the la s t time 
on the s ix th  day a fte r  the s ta r t  o f the switch, and the NHP monkey had 
LP-cinnamon fo r the la s t time 14 days a f te r  the switch.
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The preference fo r  the four d iets (HP-cinnamon, HP-mint, LP- 
cinnamon, and LP-mint) was tested using the same procedures as were 
used in the main experiment. One-third gram portions of the d iets  
were presented two a t a time in a WGTA fo r 36 t r ia ls  per day on a l ­
ternate days, beginning on day one of the d ie t switch. Testing was 
done in two sessions 16 days apart.
In order to  determine the re la t iv e  e ffects  o f the d ie t in ­
gredients and the a rb itra ry  fla v o rs , the proportion o f high-protein  
p e lle ts  ingested was calculated disregarding the flavo rs . Then the 
proportion of m int-flavored p e lle ts  ingested was calculated d isre­
garding the protein content. The results of these calculations are 
in Figures 5 and 6.
As can be seen in Figure 5, the NHP monkey had a strong p re f­
erence fo r high-protein food through the f i r s t  30 days of the experi­
ment. A fte r th a t, the preference dropped o ff  and became quite v a ria ­
b le. This contradicts the results  of Pettus e t a l .  (1974) whose re­
h a b ilita te d  monkeys s t i l l  had a preference fo r high-protein at 60 days 
The NLP monkey selected about equal amounts o f high-protein and low- 
protein fo r the f i r s t  two weeks. Beginning on the 29th days (the  
f i r s t  day o f the second session) 61.9% of his selections were high- 
pro te in , and his percentage o f h igh-protein selected increased from 
there to 80.56% on the la s t day of tes tin g .
Figure 6 shows the data fo r  the selection of m int-flavored  
d ie t. The e ffe c t o f flavors had no e ffe c t fo r e ith e r animal fo r  
the f i r s t  two weeks. During the second session i t  appears that the 
mint fla v o r had acquired positive re inforc ing  properties fo r the NHP
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Figure 6. Proportion mint inaested,
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animal and negative re in forc ing  properties fo r the NLP animal. The 
changes were in the predicted d irec tio n .
Two things should be noted about these resu lts . The e ffe c t  
of the added flavors  was less powerful than the d ie t ingredients in  
determining the preference fo r both animals, and the e ffe c t o f the 
flavors was much delayed compared to the ingredient e ffe c t fo r the 
NHP animal. The reason that the NLP animal showed no e ffe c t fo r  
two weeks could be th at i t  took th at long to become malnourished.
The NHP animal, on the other hand, had an immediate preference fo r  
the high-protein foods, and only la te r  a preference fo r mint flav o r. 
The NHP monkey had been weaned to h igh-protein p rio r to being placed 
on the low-protein d ie t . He was on the low-protein d ie t fo r about 
four years p rio r to the present experiment. This p rio r experience 
with the d iets  may have reduced the e ffec ts  o f conditioning to the 
flavo rs .
The Third P ilo t Study
The th ird  p ilo t  study was designed to te s t the notion that 
i f  generalization was involved in the preference fo r NHP-diet in the 
main study, i t  would l ik e ly  have been the re s u lt of s im ila r ity  be­
tween the carbohydrate portions o f the old and new d ie ts .
Three d iets  were constructed of soy p ro te in , la rd , sucrose, 
corn starch, and the other ingredients th at were in the diets of the 
main study. In fa c t ,  two of the d iets  were the NHP-diet and the NLP- 
d ie t  o f the main study. Since these d iets d iffe red  with respect to 
carbohydrate as well as p ro te in , a th ird  d ie t was constructed of the 
same ingredients, which contained the same amount o f protein as the
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low -protein d ie t (3.5%) and the same amount o f carbohydrate as the 
high-protein  d ie t (56.7%). Since th is  d ie t was low in the contribu­
tion  o f calories from both the protein and the carbohydrate portions, 
the amount o f f a t  was increased from 9% to 18.56% to compensate. This 
adjustment made the d ie t isoca lo ric  with the other two (Barnes, 1973). 
The ca lo ric  compensation was considered necessary to prevent confound­
ing between protein selection and the regulation of to ta l ca lo ric  in ­
take. Since fa t  is more c a lo r ic a lly  dense than protein or carbohy­
d ra te , additional n on -nu tritive  bulk was added to make up the missing 
weight. The three d iets  were then, h igh-protein , high-carbohydrate, 
and h ig h -fa t.
I f  the selection o f novel h igh-protein food in the main study 
was based on a v id ity , the h igh-protein food would be preferred to the 
other two. I f  the preference was based on generalization due to sim­
i l a r i t y  of carbohydrate content o f the new and old d ie ts , the h ig h -fa t  
and the high-protein would both be preferred to the high-carbohydrate 
d ie t .
The same animals were run in  th is  study that were run in the 
p ilo t  study in which flavors were added to casein-based d ie ts . This 
was the f i r s t  experience w ith soy-based food fo r these animals. Test­
ing began on the 55th day a fte r  the d ie t reversa l, and the procedures 
followed those o f the p rio r study. The resu lts  are in Figures 7 and 8.
The results are contrary to the prediction made from the a v id ity  
theory. The h ig h -fa t d ie t and the high-protein d ie t alternated as most 
preferred by the NLP monkey (7220). By the seventh testing  day, the 
h ig h -fa t d ie t was highly p referred , and the high-protein d ie t had
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Figure 7. Monkey number 23. Proportion of  each d ie t  ingested
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Figure 8. Monkey number 7220. Proportion of each d ie t  ingested.
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dropped to the level o f the high-carbohydrate d ie t . The prediction  
about the carbohydrate portion being the key to the generalization  
was not unambiguously confirmed because i t  cannot explain the p re f­
erence fo r  h ig h -fa t over h igh-protein . I t  is  possible that with a 
la rger group of animals some would prefer h ig h -fa t, and some would 
prefer h igh-protein . The results do seem to ind icate that a protein  
malnourished monkey was unable to select a high-protein food from 
among foods fo r which carbohydrate content was not a re lia b le  ind ica­
to r o f protein content.
The NHP monkey (23) was not expected to have strong preferences, 
and as Figure 7 shows, th a t animal did not se lect a high proportion of 
any of the d ie ts .
A fte r the seventh day of tes tin g , the two animals were given 
three grams o f high-protein d ie t in th e ir  home-cages about e ight hours 
a fte r  th e ir  d a ily  feeding. The follow ing day they were given the same 
amount o f high-carbohydrate d ie t a t the same time of day, and the th ird  
day h ig h -fa t d ie t was given follow ing the same procedure. On the fo llow ­
ing day a f in a l te s t session was run. The results o f th a t session are 
to the r ig h t o f the v e rtic a l l in e  in Figures 7 and 8.
This forced, systematic sample had no apparent e ffe c t on the 
NHP monkey. The e ffe c t on the NLP monkey was not dramatic, but the 
preference o f a l l  three d ie ts  was moved in the d irection  predicted i f  
a preference fo r protein can be conditioned by a systematic sample.
The samples amounted to the equivalent of nine p e lle ts . This is a 
large amount compared to the amount system atically sampled in the main 
study, and these were given in iso la tio n  ra ther than among three other
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d ie ts . The lack o f dramatic resu lts  prevents any d e fin it iv e  conclu­
sions about the hypothesis.
Conclusions
In conclusion, the evidence seems to favor the notion th at some 
kind o f conditioning may play a ro le  in the establishment o f protein  
preference, and that s im ila r foods may be preferred due to generaliza­
tio n . That a v id ity  may play a ro le  has not been elim inated, although 
i t  seems extremely u n like ly  th a t i t  has a ro le  s im ilar to that played 
by the process which d irects the selection o f s a lt  by salt-deprived  
ra ts . The hypothesis that the results o f the main study can be ac­
counted fo r by stimulus generalization  from a fa m ilia r  food, with a 
possible ro le  fo r  neophobia, seems to be a more l ik e ly  explanation.
The major problem in th is  research is  th a t protein as a d ie tary  
component makes up a very substantial portion of the ingested food. 
This creates two major problems. The taste o f the protein cannot be 
e a s ily  hidden or separated from the e ffec ts  o f its  ingestion. Also, 
protein is a major contributor o f ca lo rie s , and the ca lo ric  e ffects  
o f any manipulation o f protein must be compensated to avoid confound­
ing with ca lo ric  s e lf-re g u la tio n . This is ju s t not the same thing as 
adding or deleting  a couple o f miligrams of some vitamin. I t  is sug­
gested th a t fu rth e r research in th is  area, to be tru ly  d e f in it iv e ,  
should separate ingestion from the la te r  consequences o f ingestion, 
with the use o f intubation techniques.
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CHAPTER V 
SUMMARY
Some recent studies have been in c o n flic t  as to whether pro­
te in  malnourished rhesus monkeys are able to se lect a high-protein  
food from among a group o f low-protein and high-protein foods.
The sp ec ific  hunger l ite ra tu re  revealed that with a varie ty  
of animals and n u trie n ts , there were two theories to account fo r the 
phenomenon. The f i r s t ,  re ferred  to as a v id ity , is that the animal 
deprived of a needed n u trien t has an innate preference fo r the taste  
or smell o f the needed n u trie n t.
The second theory c la s s ifie s  the deprivation d ie t as aversive, 
the pre-m alnutrition  d ie t as safe, and any new food as novel. The 
animal prefers safe food to the other two and prefers the novel food 
to the aversive. I f  the safe food were av a ilab le , i t  would be eaten, 
i f  not, a novel food would be selected- I f  the novel food contains 
the needed n u tr ie n t, i t  comes to be responded to as a safe food through 
conditioning.
The experiment was designed to determine i f  e ith e r o f these 
two theories can account fo r the protein preference found in monkeys. 
Eight monkeys on LP d ie t and e ight on HP d ie t were tested in a WGTA 
fo r preferences among four d ie ts . There were two HP diets and two 
LP d ie ts ; one was fa m ilia r , and one was novel in each pa ir. I t  was 
predicted th at i f  the protein preference were based on a v id ity , the
53
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two HP d iets would be preferred by the LP monkeys. I f  the condition­
ing theory could account fo r the re s u lts , the LP monkeys would prefer 
the safe food most, the two novel foods interm ediate ly , and the aver­
sive food le a s t.
The prediction o f greatest preference fo r the safe food was 
confirmed in support o f the conditioning theory. The preference fo r  
the novel HP food over the LP foods was confirmed in support o f the 
a v id ity  theory. Both theories were given some support by the results  
of the experiment.
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Table I
Summary o f the Results of the F irs t P ilo t Study
Subjects
Proportion High-Protein Ingested 
Pre-reversal Post-reversal
Low-protein
Isolates
19 .56 .51
20 .89 .85
21 .72 .81
22 .61 .90
Low-protein
Enriched
36 .72 .71
7245 .61 .76
7329 .54 .58
7333 .53 .87
High-protein
Isolates
31 .54 .23
32 .40 . 55
34 .48 .49
7217 .60 .52
High-protein
Enriched
26 .48 .54
27 .45 .35
29 .35 .54
30 .51 .18
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Summary o f the Analysis of Variance: 
Proportion High-protein Ingested
Source SS df MS F P
A (D ie t Condition) 0.337183 1 0.337183 15.325 0.00234
B (Social Condition) 0.026447 1 0.026447 1.202 0.29473
AB 0.059329 1 0.059329 2.696 0.12364
Within Cell 0.264031 12 0.022003
Total 0.0686991 15
Table I I I
Summary of the Analysis o f Variance: 
Proportion Low-protein Ingested
Source SS df MS F P
A (D ie t Condition) 0.134194 1 0.134194 33.780 0.00020
B (Social Condition) 0.000000 1 0.000000 0.000 0.99013
AB 0.001003 1 0.001003 0.253 0.62893
Within Cell 0.047671 12 0.003973
Total 0.182869 15
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Summary o f the Analysis o f Variance: 
Proportion New High-protein Ingested
Source SS df MS F P
A (D ie t Condition) 0.038006 1 0.038006 1.303 0.27569
B (Social Condition) 0.029998 1 0.029998 1.028 0.33209
AB 0.005483 1 0.005483 0.188 0.67482
Within Cell 0.350067 12 0.029172
Total 0.423554 15
Table V
Summary o f the Analysis o f Variance: 
Proportion New Low-protein Ingested
Source SS d f MS F P
A (D ie t Condition) 0.167547 1 0.167547 86.004 0.00001
B (Social Condition) 0.000010 1 0.000010 0.051 0.81917
AB 0.019023 1 0.019023 9.765 0.00864
Within Cell 0.023377 12 0.001948
Total 0.210047 15
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Summary o f  the Analysis of  Variance:
Proportion o f  Each Diet Ingested/
High-protein Monkeys
Source SS df MS F P
Between subj 0.0 7
Within subj 0.276522 24
Diets 0.0523502 3 0.0174501 1.635 0.21068
Residual 0.224172 21 0.0106749
Total 0.276522 31
Table V II
Summary o f the Analysis o f Variance: 
Proportion of Each D iet Ingested/ 
Low-protein Monkeys
Source SS df MS F P
Between subj 0 .0 7
Within subj 1.658827 24
Diets 1.05647 3 0.352155 12.277 0.00018
Residual 0.602357 21 0.0286837
Total 1.658827 31
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